We re-processed spectroscopic echelle data on 1999 S4 (LINIER), a catastrophically disintegrated comet, and 2001 Q4 (NEAT) obtained at not quite favorable circumstances. Photometric conditions at the observations were good but measurements of the spectra for the first one were performed at a large zenith distance and the second -with a relatively low spectral resolution. Nevertheless, we succeeded in detection and identification of fluorescent emission lines of 9 polycyclic aromatic hydrocarbons and simpler molecules in the spectra of both comets. Our results are in accordance with those of other authors and substantiate present notions about origin of the comets.
Introduction
The practice of astrophysical research shows that one of the most informative tools of remote studying of celestial objects is spectroscopic. In the case of comets, registration of photoluminescent emission lines allows to identify a wide range of constituents in gaseous comas and tails of the bodies -from atoms to complex molecular compounds. As most pristine bodies of our Solar System, they carry information about conditions for the origin of planets and even primitive life.
Comet C/1999 S4 (LINEAR) was discovered on 27 September 1999 by the Lincoln Near Earth Asteroid Research (LINEAR) program (Stokes et al. 2000) moving at 4.2 AU from the Sun. Subsequent observations revealed it to be an Oort Cloud comet, which probably reentering the inner Solar System for the first time. It became a favor-able target for observations during July 2000, when it was close to Earth (~0.4 astronomical units (AU), 1 AU = 1.496 x 10 8 km is the average Earth-Sun distance) and to the Sun (~0.8 AU). New opportunities for studying the comet arose due to unexpected catastrophic disruption of its nucleus near perihelion in late July 2000. It allowed additional detailed spectroscopic observations of this comet and identification a significant number of compounds in its dispersed matter (e.g. Mumma et al. 2001; Churyumov et al. 2002) . The main conclusion of the investigations was that C/1999 S4's matter depleted in the most volatile species, such as CO and CH 3 OH (Mumma et al. 2001; BockeleeMorvan et al. 2001) . In particular, the CO depletion in ices might reflect formation of C/1999 S4 in the proto planetary disk at higher temperatures than for Hale-Bopp comet (DiSanti et al. 1999) , that is, closer to the Sun, probably in the Jupiter-Saturn region (Mumma et al. 2001) . In an initial period of the observations, a considerable amount of simplest molecules (C 2 , C 3 , CN, etc.) was identified in matter of C/1999 S4 (e.g. Churyumov et al. 2002; Guliyev et al. 2001) . Comet C/2001 Q4 was discovered on August 24, 2001 during patrol observations of asteroids approaching the Earth in the frame of the JPL's Near Earth Asteroid Tracking (NEAT) program using a 1.2 meter Telescope Palomar (Pravdo et al. 2001) . Such orbital parameters as 1/a = 0.00071 (a. e.) −1 , eccentricity e = 1.0006642 and inclination i = 99.6 ∘ (Marsden 2002) allow to classify C/2001 Q4 as a dynamically new comet, which came to the close neighborhood of the Sun for the first time. The comet showed a significant activity on large heliocentric distances starting from 8.6 AU in the form of short jets (Tozzi et al. 2003) .
It is important to note that a strong D Lyman-α emission line of deuterium (at 1215.34 Å) was detected in spectrum of C/2001 Q4 using imaging spectrograph of the Hubble Space Telescope (Weaver et al. 2004) . It could mean that the comet originated at low temperatures on a far periphery of protoplanetary disk of our Solar System. Theories and numeric modeling show that of D/H ratio in molecular clouds and protoplanetary disks is rather sensitive to the temperature and being higher at lower temperatures (e.g. Millar et al. 1989; Aikawa and Herbst 1999) . Such origin of C/2001 Q4 is confirmed by similarity of its polarimetric properties and those of C/1996 B2 (Hyakutake) supposed to origin in trans-Neptunian region (Ganesh et al. 2009 ). Emission lines of formaldehyde (H 2 CO) and other complex organic compounds were also identified in spectra of C/2001 Q4 (Milam et al. 2006) . Thus, comets C/1999 S4 and C/2001 Q4 are similar in that that they visited the inner Solar System for the first time and displayed a high activity. A large number of emission lines of simplest molecules and ions, such as C 2 , CN, NH 2 , and H 2 O+, was also detected in spectra of C/1999 S4 and C/2001 Q4 (Mumma et al. 2001; Bockelee-Morvan et al. 2001; Churyumov et al. 2002; Ivanova et al. 2013) . We confirm presence of these emission lines in spectra of the comets found by other observers and have performed identification of a row of more complex organic compounds.
Features of observational data and their processing
Observations of C/1999 S4 were performed on 23 July 2000 (UT = 19 h 10 m) using an echelle spectrometer with CCDarray of 530 × 580 pxs installed on the 2-m Zeiss reflector of the Shamakhy Astrophysical Observatory of the National Academy of Science of Azerbaijan (SAONASA) on Mt. Pirkuly (1435 m above sea level, Azerbaijan) in the spectral range 4400-7000 Å with spectral resolution (R) 40000 (40 th spectral order) and photometric accuracy5 -10% with exposition time 1 h; the total apparent magnitude of the comet was~6 m at air mass~4.182, phase angle 121 ∘ .87 and geocentric distance 0.3751 AU (Guliyev et al. 2001) . As a reference spectrum, the daytime sky spectrum was used. The calculated factor of Doppler shift in the spectrum of the comet on the moment of its observation turned out to be k d = 1.000031 at velocity V 0 = 9.318 km/s in the geocentric coordinate system. Observations of C/2001 Q4 were performed on 25 June 2004 (UT = 18 h 37 m) with the same telescope and observational facilities of SAONASA in the spectral range 4840-6670 Å with R~14000 (the dispersion~6 Å/mm in blue range and~10.5 Å/mm in red range, spectral order 40) and with photometric accuracy~5-8% with exposition time 1 h; the observed total apparent magnitude of the comet was 9.14 m at air mass~1.792, phase angle 43 ∘ .85 and geocentric distance 1.453 AU (Guliyev et al. 2005) with the daytime sky spectrum used as a reference. Calculated factor of Doppler shift in the comet's spectrum on the moment of its observation turned out to be k d = 1.000125 at velocity V 0 = 37.51 km/s in the geocentric coordinate system. Re-processing of the comets' spectral data included identification of terrestrial night-sky lines in the spectra and their wavelength calibration, extraction of solar emission lines, and, finally, identification of emission lines intrinsic to the comet matter. To manipulate and process the data, DECH spectral package (Galazutdinov 1992) was used. Additionally, we employed IDL package for adjusting spectral resolution of available data on the solar energy spectral distribution to that of each comet.
The identification of emission lines in the spectra of our comets was based on results of previous spectral study of other comets, as well as laboratory investigations of fluorescent characteristics of atoms, simplest molecules, and more complex organic compounds having distinct spectral characteristics in the used spectral range. We took advantage of obtained high resolution spectral atlases of comets Hale-Bopp (C/1995 O1), 122/P de Vico and others (Brown et al. 1996; Zhang et al. 2001; Cochran and Cochran 2002) for interpreting data on our comets because of supposed similarity of nature and origin of all such bodies in the periphery of the early Solar System (e.g. Delsemme 1982; Shul'man 1987; Mumma et al. 1993) . Another important source of background information is results of laboratory investigations of possible analog samples including such low-temperature compounds as ices and organics (e.g. Greenberg 1982; Ehrenfreund and Sephton 2006; Gudipati et al. 2015) . Fragments of 40 th spectral order of normalized echelle spectra of C/1999 S4 (LINEAR) and C/2001 Q4 (NEAT) comets with the continuum removed and solar spectrum extracted are shown in Figures 1 and 2 , respectively. Our criterion for identifying an emission line in a cometary spectrum was a requirement "to be within the FWHM (full width of half maximum)" if comparing its wavelength position with that of a referent line. The cal- culated average FWHMs for obtained spectra of C/1999 S4 and C/2001 Q4 are 1.16 Å and 0.42 Å, respectively. These values show that though comet C/1999 S4 was observed with a higher spectral resolution, but it was at a much greater zenith distance and the quality of its spectrum turned out to be worse than that of comet C/2001 Q4. As a consequence of the differences, we probably detected and identify on the whole more compounds in the matter of C/2001 Q4 (Table 2 ) than C/1999 S4 (Table 1) . Designations of electronic transitions, vibrational and rotational transitions are given in the tables according to the adopted system by Cochran and Cochran (2002) .
Discussion
A special attention has been given to polyaromatic or polycyclic aromatic hydrocarbons (PAHs). They are widespread in the Universe (e.g. Allmandola 1996; Pendleton and Allamandola 2002; Kaneda et al. 2005) and are likely a main constituent of the cometary organic matter.
To search for emission lines of PAHs in registered spectra of C/1999 S4 and C / 2001 Q4 comets, we used an atlas of photoluminescent emission lines (Teplitskaia et al. 1978) obtained by the Shpol'skii method (Shpol'skii 1959). Remind that the method allows to study the thin structure of the electronic spectra of organic compounds (including PAHs), which arises when using paraffin hydrocarbons as solvents and cooling the solid solution to the boiling point of nitrogen (77 K). Then instead of the usual fuzzy bands in luminescence spectra of the organic compounds in ambient conditions, a large number of narrow lines are observed. It was proposed (Simonia 2007 (Simonia , 2011 ) that if comet nuclei contain frozen mixtures of PAHs' submicron particles and alkanes, the Shpol'skii's effect works and the photoluminescent measurements (Teplitskaia et al. 1978) are applicable for identification of emission lines in the spectra of comets. This way made possible to identify of PAHs' 72 luminescent emission lines in the spectrum of the comet 153P/Ikeya-Zhang (Simonia 2011) . Actually, more simple alkanes, being precursors of PAHs and other more complex organics in the process of low-temperature FischerTrops's chemical reactions, probably played a role of "solvent" under formation of internal structure of cometary nuclei at corresponding heliocentric distances in the early Solar System. Such frozen structure of matter should be preserved also at higher temperatures on the surface of a comet with approaching to the Sun, up to sublimation or melting the icy compounds, making possible to observe the fine structure in cometary spectrum.
As mentioned above, results of other authors show that matter of C/1999 S4 is depleted in the most volatile species, such as CO and CH 3 OH which is likely an indication of its formation in the Jupiter-Saturn region (Mumma et al. 2001; Bockelee-Morvan et al. 2001) . At the same time, similarity of spectroscopic and polarimetric properties of C/2001 Q4 and C/1996 B2 (Hyakutake) (Weaver et al. 2004; Ganesh et al. 2009 ) lead to a conclusion that C/2001 Q4 formed in a far and more low-temperature transNeptunian region. This is in good agreement with our results. Basing on the laboratory photoluminescent measu- 
Conclusions
Spectroscopic data on each comet and results of their investigations are unique and valuable as characterize origin conditions of not only the body but a wider region of the proto-planetary cloud. This is especially true in the case of complete disintegration of comet's nucleus approaching the Sun, what is happened with comet 1999 S4 (LINIE) in 2001. We confirm presence in spectra of C/1999 S4 and C/2001 Q4 emission lines of such simplest molecules and ions as C 2 , CN, NH 2 , and H 2 O+ detected in other works (Mumma et al. 2001; Bockelee-Morvan et al. 2001; Churyumov et al. 2002; Ivanova et al. 2013) . We also detected and identified emission lines of three PAHs (1,12-benzperylene, coronen, and 1,2-5,6-dibenzantracene) in the spectrum of C/1999 S4 and of seven PAHs (phenanthrene, fluoranthene (identified for the first time), tryphenylene, chrysen, tetrafen, tetracene, tryphenylene, and coronen) in the spectrum of C/2001 Q4 which are similar to those found on other long-periodic comets. It should be noted, that almost a half of the compounds are identified by two emission lines which makes the results more reliable. This allowed us to conclude that a more quantity of PAH compounds found on C/2001 Q4 and their simpler structure are likely indications of its more far origin from the Sun than C/1999 S4.
